Abstract
Introduction

22
Eutrophication has been recognized as one of the most serious water pollution problems.
23
Wastewater discharge brings nutrients, both nitrogen (N) and phosphorus (P), into the to the aerobic tank and from the membrane tank to the anoxic tank ranged from 300 to 400%
94
( Table 2) .
95
The feed consisted of 90% synthetic wastewater prepared according to a classic recipe
96
[19] for typical municipal wastewater and 10% actual domestic sewage collected from a local in the synthetic wastewater was a mixture of 90% NaAc and 10% glucose, and the N and P 100 sources in the feed were supplied with NH 4 Cl and a mixture of KH 2 PO 4 and NaH 2 PO 4 , restore its permeability [20] .
111
MBR wastewater treatment experiment
112
The wastewater treatment experiment was conducted in four phases in the laboratory at 113 room temperature (~25 o C) ( Table 2) . A short initial phase, termed as Phase 0, was recorded
114
for the original performance of the system in terms of organic and nutrient removals.
115
Afterwards, the system was operated and optimized for more than 400 days for enhanced 116 biological P removal together with N removal. The operation could be divided into three 117 phases according to the P remvoal performance in relation to the different COD:N:P ratios
118
and/or recirculation ratios ( ratio was increased as an adjustment to maintain a high nutrient removal efficiency (Table 2) .
124
The treatment performance was evaluated in terms of the removal efficiencies of the total 125 organic carbon (TOC), total N (TN), and total P (TP) as well as the P concentration profile in 126 the liquid phase of the sludge suspensions through different tanks. 
Analytical methods
153
The influent and effluent of the MBR system were sampled twice a week for after membrane filtration was of high quality with a SS concentration of less than 1 mg/L.
187
The average NH 4 + -N removal efficiency of the MBR system was about 92%, indicating 188 sufficient biological nitrification (Fig. 2 ). The aerobic zone followed by the anoxic zone 189 formed a post-denitrification process for TN removal, and feeding the substrate into the The TP removal was no more than 40% during the start-up phase, or Phase 0 (Fig. 3) , 204 which also suggested that The P removal via assimilation was clearly below 40%. 3).
222
In Phase III, the organic content (COD concentration) in the wastewater influent was 223 reduced by more than 10%, resulting in lower COD/TN and COD/TP ratios (Table 2) .
224
However, with a higher recirculation ratio applied (4Q in +4Q in ), the TP removal efficiency 225 increased to over 88% with an average effluent TP concentration of around 0.8 mg/L.
226
Although decreased slightly, the TN removal rate was still around 80% (Fig. 2) . The
227
experimental results showed that the MBR system developed in this study is highly effective Table 3 include the specific nitrification, denitirfication, P release and P 236 uptake rates.
237
Phosphrate release in the anaerobic zone is crucial to the PAO function for P-removal, place in the MBR to achieve P removal from the liquid phase. The P contents in the liquid 254 phases of the sludge mixture in different tanks were analyzed when a high TP removal 255 efficiency was maintained in Phase III (Fig. 4) . With an influent P concentration of 8 mg/L, 256 the liquid-phase P concentrations in the aerobic tank, rough settler, and membrane chamber 257 were 6.7, 21.5, and 1.5 mg/L, respectively. In view of the sludge flow from the rough settler 258 to the aerobic tank and membrane chamber, it becomes apparent that anaerobic P release and 259 aerobic luxury P uptake occurred well in the system. The liquid-phase P contents showed the to the early sludge samples, the sludge flocs in Phase III had more compact and larger PAO separation before membrane filtration but also as an anaerobic chamber for P release.
316
• The MBR-based system performed remarkably well for simultaneous organic, N and P 317 removals. With a short treatment time of less than 10 hrs, the system could achieve stable 318 TOC, TN, and TP removal efficiencies of around 94%, 85%, and 87%, with effluent 319 concentrations of less than 5, 6, and 1 mg/L, respectively.
320
• The proliferation and activity of PAOs in the MBR system were indicated by the 321 significant P release in the anaerobic chamber and the luxury P uptake in the aerobic 
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